Analysis of pulmonary surfactant in rat lungs after intratracheal instillation of short and long multi-walled carbon nanotubes.
Multi-walled carbon nanotubes (MWCNTs) are interesting new materials, but there is some concern about their harmfulness due to their fibrous nature. To determine the difference in the biological effects of MWCMTs by fiber length, we prepared two MWCNT samples from one bulk sample. One consisted of cut up short fibers (Short; average length=0.94 µm) and the other was just dispersed (Long; average length=3.4 µm). The samples were administered to male Wistar rats by intratracheal instillation at doses of 0.2 mg and 1 mg/animal (Short) and 0.2 mg and 0.6 mg/animal (Long). The animals were sacrificed at time points from 3 d to 12 months after administration. Bronchoalveolar lavage fluid (BALF) was taken from the lungs and pathological specimens were prepared. The concentrations of phospholipids, total protein and surfactant protein D (SP-D) in the pulmonary surfactant of the BALF were determined, the surface tension of BALF was measured, and the inflammation score was determined by the point-counting method to assess pulmonary tissue inflammation. The present study suggests that inflammatory response in the lung was slightly higher for long MWCNTs than for short MWCNTs when compared at the same mass dose. The correlation between pulmonary surfactant components and BALF surface tension was also evaluated. The Spearman's rank correlation coefficients obtained for the phospholipid, total protein and SP-D concentrations were -0.068 (p=0.605), -0.360 (p=0.005) and -0.673 (p=0.000), respectively. Surface tension, measured by a simple method, should be reflected in the change of a surfactant protein, such as SP-D.